The activation of antigen-specific B cell responses can be modulated by a number of T cell regulatory influences. It was first observed (1-3) that B cell responses to many antigens require the participation of T helper (Th) ~ cells. Studies (4, 5) using both heterogeneous and, more recently, cloned Th populations have shown that distinct B cell activation pathways exist in which Th cell-B cell interactions may be either major histocompatibility complex (MHC)-restricted or -unrestricted. It has also been shown (6-14) that these B cell responses are subject to the regulatory effects of T suppressor (Ts) cells, and that these suppressive effects may also involve antigen-specific and genetically restricted cell interactions. The overall complexity of T cell regulation is further increased by the activation of both augmenting (Ta) (15, 16) and contrasuppressor (Tcs) (17) T cells, which appear to further modify T cell-dependent (TD) B cell activation.
cells are capable of suppressing the B cell responses supported by cloned Th cells in the absence of other T cell populations, and that a tripartite antigen-mediated interaction of Ts cells, Th cells, and responding B cells was necessary to effect antigen-specific suppression. This study was undertaken to analyze the genetic restrictions involved in the function of Ts cells under conditions in which tbe modifying effects of heterogeneous T cells were eliminated. In contrast to previous findings obtained when heterogeneous T cells were also present in culture, we found that suppression by enriched or cloned Ts cells of B cell responses generated by cloned Th cells required MHC-restricted interaction only for Ts cell activation, and that the effector function of Ts cells was genetically unrestricted under these conditions. Moreover, the data presented here indicate that a heterogeneous population of MHC-restricted Lyt-l+,2 -T cells is capable of modifying the genetic constraints on Ts function in these responses, resulting in suppression that was MHC restricted at its effector level. The findings of these studies suggest that tbe observed MHC restriction in Ts cell function is the result of complex interactions involving Ts cells, Th cells, and at least one additional MHC-restricted T cell population, which has augmenting and contrasuppressor-like activity. 
Materials and Methods Animals
C57BL
Chimeras
Chimeras used in this study were prepared as previously described (22) , by the transfer of 1.5 x 107 T cell-depleted bone marrow cells into lethally irradiated (950 rad) recipients, and are designated as bone marrow donor ~ irradiated recipient. Chimeras were immunized no earlier than 8 wk after irradiation and reconstitution. The chimera spleen cells used in these studies were typed by indirect immunofluorescence, and were of donor origin without detectable (<5%) cells of host origin.
Derivation of MHC-restricted and Antigen-specific Cloned Th Cells and Cloned Ts Cells
MHC-restricted and antigen-specific Th and Ts cloned cells were derived and tested for their function as previously described (20) .
Generation of Heterogeneous Ts Cells In Vitro
Heterogeneous Ts cells were induced in vitro as previously described (14) . Briefly, KLH-primed T cells (see below) were passed over Sephadex G-10 columns twice to deplete accessory (Acc) cells (14, 23) . Acc cell-depleted T cells were cultured for 3 d in the presence of additional Acc cells and 100 #g/ml KLH. Cultured cells were extensively washed, and tested for their suppressive activities.
Preparation of CeUs
T cells. KLH-primed T cells were obtained as spleen cells nonadherent to anti-mouse lg-coated dishes, as described previously (4) . These populations were then used as Th cells, or as a precursor population for the generation of Ts cells. Ta cells were prepared as T cells from unprimed animals (17) .
(B + Acc) cells. (B + Acc) cells were prepared by depleting TNP-KLH-primed spleen cells of T cells by treatment with a T cell-specific cytotoxic rabbit anti-mouse brain (RAMB) serum plus complement (C) (4).
Acc cells. Unprimed spleen cells were treated with RAMB + C to deplete T cells, and
were used as a source of Acc cells after 3,000-rad irradiation.
Assay of Suppressive Activity
Cloned Ts cells or precultured heterogeneous T cells were assayed for suppressive activity by adding them to responding cell mixtures of 3-4 x 106 TNP-primed (B + Acc) cells that had been cocultured with cloned Th cells or KLH-primed heterogeneous Th cells in the presence or absence of 106 unprimed T cells (as a source of Ta cells). Cultures were carried out as previously described (4) . Cells were harvested and assayed for TNPspecific hemolytic plaque-forming cells (PFC).
PFC Assay
Sheep erythrocytes were conjugated with TNP, and direct PFC (IgM), as well as total PFC (facilitated by rabbit anti-mouse IgG) were assayed on these conjugated target cells (4) . IgG PFC were calculated as total PFC -direct PFC. All points shown represent the arithmetic means of triplicate cultures, expressed as IgG anti-TNP PFC responses per culture.
Results

Restriction Specificities of Cloned Th Cells and Cloned Ts
Cells. The precise restriction specificities of cloned Th cells were first determined by assessing the ability of these cells to cooperate with T-depeleted TNP-primed (B + Acc) cells derived from MHC congenic and recombinant strains (Table I, Table l , all clones used in these studies expressed strict antigen specificity, as previously reported (20) . MHC restriction specificities and antigen specificities of the clones employed in these studies are summarized in Table II .
Antigen-specific Suppression of Cloned Th Cell Responses by Cloned Ts Cells Requires MHC-restriction Only for Ts Cells. Cloned Ts cells have previously been
shown (27) to suppress antibody responses mediated by heterogeneous populations of MHC-restricted Th cells in an MHC-restricted and antigen-specific manner. To further characterize the MHC restriction requirements for Ts cell activation and function in the absence of heterogeneous T cell populations, cloned Ts cell activity was tested on B cell responses mediated by cloned Th cells (Table III) (Table IV) . However, the failure of Ts clone 9-5 to suppress the response of B10 B cells was overcome by the addition of B10.BR Acc cells to the culture. Similarly, the responses of B10.BR B cells mediated by Th clone 9-16 (I-Ek-restricted) were suppressed by Ts clone 8-4 (I-Ab-restricted) only in the presence of added B10 Acc cells. These results showed that an MHC-restricted interaction of Ts cells with Acc cells is sufficient for Ts cell function, and that, subsequent to activation, cloned Ts cells were capable of suppressing B cell responses in an MHCunrestricted fashion.
Next, we determined whether Ts cells that had been activated in an MHCrestricted and antigen-specific manner were antigen-specific in their effector function (Table V) (Table V) . In contrast, the responses mediated by FGG-specific cloned Th cells were not suppressed by either Ts clone. In addition, this failure of suppression was not overcome when the antigen-specific activation requirement of cloned Ts cells was satisfied by the addition of either free KLH (Table V) (Table VII) , and once again, titration of Ts cell numbers demonstrated an equivalent effect of the two cloned Ts populations (data not shown). Responses mediated by the I-Ab-restricted Th clone 8-5 were augmented in the presence of unprimed Fl T cells (Table VII) as previously described, and the phenotype of the functioning Ta cells was found to be Thy-1 +, Lyt-1 +,2-(data not shown) (20) . Addition of the I-Ab-restricted Ts clone 8-4 to these cultures suppressed the augmented response completely, whereas the I-Ak-restricted Ts clone 9-5 only partially inhibited the response. Conversely, the augmented responses mediated by 9-16 Th cells were only partially inhibited by 8-4 Ts cells, but were completely suppressed by clone 9-5 Ts cells (Table VII) 
Lyt-I +,2-T Cells Modify MHC-unrestricted Suppression Mediated by Heterogeneous Ts Cell Populations.
Further experiments were carried out to determine whether the cellular interactions elucidated using cloned Ts cells could also be detected in the function of heterogeneous populations of Ts cells. Heterogeneous MHCrestricted Ts cell populations were generated as previously described (14) . KLH (Table VIII,  exp. 2). Thus, the activity of the Ts cells induced in heterogeneous Fl T cell populations was found to be MHC-restricted, as previously shown (14) . (Table IX) . Ts cells, which were induced by preculturing with B 10 Acc cells and antigen, suppressed the F1 responses mediated by 8-5 Th clone (Table IX,  group 7) , and the treatment of such suppressor cells with anti-Lyt-2 but not antiLyt-1 + C eliminated the suppressive function of Ts cells (groups 8 and 9), indicating that the functioning Ts cells are Lyt-l-,2 + phenotype, as previously reported (14, 19) . Addition of unprimed Fl T cells to the culture did not reverse the suppression (Table IX, 
Discussion
These studies were carried out to assess the mechanism of suppression mediated by MHC-restricted and antigen-specific cloned and heterogeneous Ts cells. Previous studies had characterized both heterogeneous Lyt-l-,2 + Ts populations (14, 19) and cloned Lyt-l+,2 - (20) populations that function to suppress the in vitro TD antibody responses of primed B cells. Both heterogeneous and cloned Ts cells, although differing in cell surface phenotype, exhibited similar requirements for antigen specificity and MHC restriction, both at the level of Ts cell activation and at the level of Ts effector function following activation. The observed MHC restrictions in Ts function were rather unique, and appeared to consist of a requirement for similarity in MHC restriction specificity between Ts cells and the Th cells functioning to generate a given B cell response (14, 20) . Although these genetic restrictions were observed in the function of both cloned and heterogeneous Ts cells, previous experiments were carried out under conditions in which some source of heterogeneous T cells was present in culture. The possibility therefore existed that the observed MHC restriction in Ts function was influenced by more complex interactions among the T cell subpopulations present in heterogeneous populations. To better assess the nature of the regulatory T cell interactions involved in the control of TD B cell activation, these studies were performed under conditions in which only cloned or highly selected populations of Ts cells and Th cells were present, and in which the influence of additional T cell populations could be directly evaluated.
Our results show that the activation of cloned Ts cells remained both antigen specific and MHC restricted. After appropriate activation, the effector function of cloned Ts cells was antigen specific, even when only cloned populations of Th and Ts cells were used (21) . However, these activated Ts cells suppressed the responses supported by cloned Th cells in an apparently MHC-unrestricted fashion, i.e., in the absence of any requirement for similarity between the restriction specificities of the cloned Ts and Th cells. This property was not unique to cloned Ts cells, since heterogeneous Lyt-l-,2 + Ts cells, which had been depleted of Lyt-l+,2 -cells, suppressed the response of cloned Th cells in a similarly unrestricted manner. In contrast, when heterogeneous unprimed Lyt-1 +,2-T cells were added back to these in vitro cultures, a substantial degree of MHC restriction in the effector function of both cloned and heterogeneous The precise cellular mechanism of the observed T cell interactions described here has not yet been defined. The data presented confirm the previously described activity of MHC-restricted Lyt-l+,2 -T cells to augment the responses of cloned Th cells in the absence of Ts (16). It is not yet certain, however, whether the cells mediating this augmenting effect are identical to those that influence the MHC restriction of suppression. Several possible mechanisms exist by which Lyt-l+,2 -T cells might modify suppression: (a) It is possible that cells in the unprimed Lyt-l+,2 -population acquire intrinsic Th activity during in vitro culture, and that this helper activity is resistant to MHC unrestricted suppression. Attempts to directly isolate functioning Th cells from Lyt-l+,2 -populations involved in these mixed cultures are currently in progress. (b) It is also possible that Lyt-l+,2 -T cells might function to render cloned Th cells resistant to MHC-unrestricted suppression. This mechanism of action is analogous to that described recently (17) for the effect of Tcs cells, which render Th cells resistant to subsequent Ts-mediated effects. Indeed, the effects characterized herein could be interpreted as a form of contrasuppression that acts to selectively block a pathway of MHC-unrestricted Ts activity, while leaving intact the susceptibility to MHC-restricted Ts function. Alternatively, (c) Lyt-l+,2 -Tcs cells might act on Ts cells to interfere with unrestricted Ts effects, or (d) might directly alter B cell susceptibility to unrestricted suppression. Experiments involving preincubation of Lyt-l+,2 -T cells with isolated Th, Ts, or B cell populations may distinguish among these alternative sites of action.
The form of MHC-restricted suppression observed in these and previous studies (14, 20, 21) is consistent with a competitive mechanism in which positive (helper) and negative (suppressive) regulatory signals compete in their interactions with responding B cells and/or accessory cells. Previous results (14, 20, 21) suggested that such competition occurred at the level of MHC-restricted Ts and Th cell recognition of the same Ia-antigen complexes presented on responding cells. Our findings indicate that if such a mechanism is involved in the T cellmediated suppression observed here, then this competitive interaction between MHC-restricted regulatory T cells is critically influenced by an Lyt-l+,2 -subpopulation of MHC-restricted T cells that function, directly or indirectly, to oppose MHC-unrestricted suppression. A more precise identification and characterization of the Lyt-l+,2 -T cells mediating the effects described here would permit a better understanding of the mode of action of these cells. They are clearly MHC restricted in some phase of their activation or function, but since active cells are present in unprimed T cell populations, their antigen specificity is unclear. A screening of available Lyt-l+,2 -antigen-specific or autoreactive T cell clones has, to date, failed to identify any monoclonal population with this Tcs-like activity. The use of phenotypic markers previously shown to be expressed on Ta (16) or Tcs (17) populations may prove informative in future studies.
A modifying effect of Lyt-l+,2 -T cells on Ts function was observed here not only upon the function of cloned Ts cells, but also upon the function of heterogeneous Lyt-l-,2 + Ts cells. It is therefore conceivable that such effects are functioning in other T cell regulatory systems as well. As has been the case for the recently described Tcs cells, such effects may easily be overlooked. In the present instance, it was only in the absence of any source of heterogeneous Lyt-l+,2 -T cells that this effect was appreciated. A source of such T cells contributed by the responding populations in a given immune response, or by the Ts population itself, would obscure the existence of such a regulatory population in an experimental system, and previous studies using heterogeneous populations of (Lyt-l+,2 -) Th cells in fact failed to detect their effect (20) . It would therefore be useful to reconsider the potential influence of such regulatory cells in other systems of regulatory T cell interaction.
Summary
Previous studies have shown the existence of both heterogeneous Lyt-l-,2 + suppressor (Ts) cells and cloned Lyt-l+,2 -Ts cells which, despite the difference in their Lyt phenotypes, functioned in a similar antigen-specific and major histocompatibility complex (MHC)-restricted fashion to suppress the antibody responses generated by cloned helper T (Th) cells and hapten-primed B cells.
Our studies were carried out to assess in further detail the genetically restricted cell interactions that mediate this immune response suppression. We show that the activation of both heterogeneous and cloned Ts cells is antigen-specific and MHC-restricted under our experimental conditions. After appropriate activation, the effector function of both cloned Lyt-l+,2 -Ts cells and heterogeneous Lyt-l-,2 + Ts cells was also antigen-specific. In contrast, once activated, Ts cells suppressed the responses generated by cloned Th cells and hapten-primed B cells in an MHC-unrestricted fashion. We also showed, however, that a population of unprimed Lyt-1 +,2-T cells was able to significantly alter the genetic restriction requirements for Ts cell function. The activity of this population was itself MHCrestricted, and was observed only when the unprimed Lyt-l+,2 -T cells shared the MHC restriction specificity of the cloned Th cells functioning in a given response. When these requirements were satisfied, Lyt-l+,2 -T cells significantly modified the suppression mediated by both heterogeneous and cloned Ts cells, resulting in suppression that was then MHC restricted in its effector function as well as in its activation requirements. Thus, our findings suggest that the observed MHC restriction in Ts function is the result of a complex interaction involving Ts cells, Th cells, and an additional population of MHC-restricted Lyt-l+,2 -T cells. This newly characterized activity of Lyt-l+,2 -T cells functionally resembles that of an MHC-restricted contrasuppressor population that selectively blocks a pathway of MHC-unrestricted Ts activity, while leaving intact susceptibility to MHC-restricted Ts effects.
